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Abstract 

We investigate the magnetic phase diagram of the two-dimensional model for e g electrons which describes layered 
nickelates. One finds a generic tendency towards magnetic order accompanied by orbital polarization. For two 
equivalent orbitals with diagonal hopping such orbitally polarized phases are induced by finite crystal field. 
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Correlated e g electrons lead to several interesting 
phenomena in cuprates and manganites. At large in- 
traorbital Coulomb interaction U and finite Hund's ex- 
change Jh , the phase diagram at the filling n = 1 elec- 
tron per site shows an interesting competition between 
ferromagnetic (FM) and antiferromagnetic (AF) insta- 
bilities [1]. Recent studies have further emphasized the 
role of Jh at orbital degeneracy [2]; here we address 
this problem starting from weak coupling. 

We consider a two-dimensional (2D) model, 

H — Ho + Hint, (1) 

for e g electrons, with the one-particle term: 

H ° = E E *r/4,c ii3CT + - (2) 

(ij) ct(3tr i 

For e g orbitals: [as) ~ \x 2 — y 2 ) and \z) ~ 3z 2 — r 2 ), one 



has the hopping matrix tff — ^j\ ± ^ 
t stands for a (dda) hopping matrix element, and the 
off-diagonal hopping along a and b axis depends on the 
phases of the \x) orbital. The crystal field splitting oc 



±V3\ 



where 
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E z , a priori finite in a 2D model, lifts the degeneracy of 
e g orbitals. We compare this case with the frequently 
studied diagonal-hopping model [2], ty = — f <5 a /3, i.e., 
with the degenerate Hubbard model. 

Coulomb interactions Hi nt are described by on-site 
intraorbital Coulomb U and exchange Jh elements [3] ; 
here we write the leading terms using the operators: 

and pi = Y* aa ^a^an iatT , with X a = ±1 for a = x(z) 
orbital, and A CT = ±1 for a =\ (J.) spin: 

H^t = | E [( 3C/ " 5J n)n 2 - (U + J H )m 2 

i 

~(U -5J H )o 2 -(U - J H )P 2 }. (3) 

For the electron density n < 2 (doping x = 2 — n), the 
model (1) describes layered L^-rcSr^NfCU nickelates. 
The coefficient (17 + Jh) of the m\ term is the Stoner 
parameter. 

We investigate the stability of various phases with 
either uniform or staggered magnetic order by tack- 
ling the above Hamiltonian in mean-field approxima- 
tion on a f28xf28 cluster, using periodic boundary 
conditions at low temperature T = 0.0ft, for two repre- 
sentative values of Hund's exchange: Jh = 0.15C7 and 
Jh = 0.25?7. One finds that the paramagnetic (PM) 
phase can be unstable towards: (i) orbitally polarized 
paramagnetic (PMa) phase (with the enhanced elec- 
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Fig. 1. Phase diagrams of the e g orbital model (1) as functions 
of the Stoner parameter U + Jh and hole doping x — 2 — n, 
with E z = (a,b) and E z = 0.1(7 (c,d). Left (right) panels 
show results for J H = 0.15(7 (J H = 0.25(7). Dashed (dotted) 
line indicates the AFa;— AFz (PMs-PMs) phase transition. 

tron density in a orbitals) ; (ii) FM or orbitally polar- 
ized FM (FMq) phases; (Hi) AF or orbitally polarized 
AF (AFa) ones. The phases with orbital polarization 
are generic for the 2D model of e 3 electrons (Fig. 1) - 
they are characterized by finite values of the (o) and 
possibly (p) order parameters. For instance, both types 
of AF phases, AFa; with (o) > (the system favors 
\x) over \z) occupancy), and AFa, compete with each 
other and are stable in different regions. 

In the intermediate correlated regime U + Jh — 2t 
the AFa; phase is stabilized due to the larger hopping el- 
ement between \x) orbitals, whereas in the strongly cor- 
related regime U + Jh 5t, the system favors instead 
\z) orbitals which allows to better optimize the mag- 
netic energy owing to a negative (p). However, upon 
increasing x the double occupancy energy becomes less 
important compared to a possible kinetic energy gain 
when \x) orbitals are closer to half filled. This leads to 
a first order phase transition at x > 0.6, with all the 
order parameters changing discontinuously. 

In a similar way one can understand the origin of 
PMa; state (optimizing the kinetic energy) and the sta- 
bility of FMz phase in the strongly correlated regime 
at finite doping (optimizing the magnetic energy). The 
latter phase is strongly favored by a large value of Jh = 
0.25£7, so that the usual AF instability at x = 1 is fully 
suppressed. Moreover, at Jh > 0.2C7 the attractive in- 
teraction in the o channel changes into a repulsive one. 
As a consequence, the energy of the AFa; phase can- 
not be much reduced by a large positive (o) , and elec- 
trons redistribute almost equally over the two orbitals. 
Therefore, double occupancies might be avoided even 




Fig. 2. Phase diagrams as in Fig. 1 for the degenerate Hubbard 
model, for: (a) E z - and J H = 0.25(7; (b) E z = 0.1(7, with 
J H = 0.15(7 (solid line) and J H = 0.25(7 (dashed line). 

without creating a finite magnetic moment which makes 
the PMa; region broader for Jh = 0.25U than for Jh = 
0.15C7. We note that the realistic value of E z — 0.1J7, 
as reported for La 2 Ni04 [4], has only little influence on 
the phase diagram, except for strong reduction of the 
region of stability of the AFa; phase. Remarkably, the 
FM2-PM1 line [Fig. 1(d)] is nearly unaltered by finite 
E z , showing that the FM instability almost decouples 
from the orbital polarization (when both (o) and (p) 
order parameters are suppressed). 

Finally, we investigate the magnetic instabilities of 
the degenerate Hubbard model in the subspace with 
(o) = (p) = [Fig. 2(a)]. In qualitative agreement 
with Ref. [3] , the instabilities of the PM phase towards 
an AF/FM one for small/large doping depend only on 
the Stoner parameter U + Jh; they were also found in 
the strongly correlated regime [5] . The phase diagram 
at finite E z [Fig. 2(b)] depends on Jh in a non-trivial 
way, and we recover the AFz phase in the vicinity of 
x — 1, provided Jh is small enough. Namely, when one 
orbital is sufficiently favored over the other one, the 
S = \ AFz phase is obtained, since some processes of 
the FM superexchange are blocked. 

Summarizing, we have found that both the realistic 
e 9 hopping t"? and finite crystal field splitting E z act 
to stabilize orbitally polarized phases. The phase dia- 
gram of the e g electron model is richer than that of the 
degenerate Hubbard model [3], and favors AF phases. 
For instance, at a fixed value of the Stoner parameter 
U + Jh, the crossover from the AF to FM phase occurs 
for e g electrons at higher doping x. 
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